Agriculture and forestry remain the leading sectors in Cameroon, accounting for some 36% of the merchandise exports and for more than 40% of GDP in 1998/99. Agriculture alone accounts for more than 30% of GDP and provides employment for about 68% of the active population. The Cameroon government and industry stakeholders have continuingly expressed concern about the impact of rising food import on the local industries and the rural communities especially as vegetable oils, particularly the palm oil, has a vital role to play not only as nutritional source for the Cameroon population, but for their contribution to rural incomes and employment opportunities. Particularly, Cameroon government is expecting a significant progress in implementation of new oil extraction technology where mainly in the palm oil processing technology the value added chain in this commodity is expected. Cameroon's oil palm industry still plays a significant role in the national economy, providing oil for house hold consumption, industrial use as well as employment for thousands of Cameroonians who are engaged in production, processing and marketing. This project aims at bringing clarity on to what extent the up to date oil extraction processing technology installed in a concrete rural district, and under a clear management and regulatory structure and environment, outperforms in terms of productivity (tons of palm oil produced), quality (price of the crude palm oil) and income generation, the existing traditional manual processing palm oil producing system. The methodology applied within this study consists of comparing key indicators across populations of small scale palm oil processors in interaction with traditional non sophisticated technology with different work environment, production capacity, socio-economic status and income levels (cross-sectional statistical analysis).
INTRODUCTION
African oil palm originated in the tropical rainforest region of West Africa along the coastal strip between Liberia an Angola, from where it spread north, south and east to Senegal, the Indian Ocean, Zanzibar (Tanzania) and Madagascar. Since its domestication, oil palm has been introduced and cultivated throughout the humid tropics (16°N to 16° S) elsewhere in the world.
Typically, oil palm plantations are planted at a 9 m by 7.5 m spacing and the resulting 148 palms per hectare produce one new frond every three weeks, each new leaf adds 45 mm to the trunk height i.e. (0.8 m per year, 20 m in 25 years), and goes on to form one bunch either male or female. Typically under well managed conditions, 10 -15 bunches can be harvested per palm in a year. They weigh 15 -20 kg each Total yields are thus 15 -30 tons of fresh fruit bunches (FFB) per hectare per year.
Cameroon's oil palm industry still plays a significant role in the national economy, providing oil for house hold consumption, industrial use as well as employment for thousands of Cameroonians who are engaged in production, processing and marketing.
Social and economic impact of palm oil production
Social and economical factors have a large influence on the prospective development of palm oil production and availability of waste material. There are some critical issues which need to be mentioned. Growing demand for vegetable oil caused an increase in area under oily crops cultivation, and palm oil is not exception. Currently vegetable oil made from palm oil fruit covers 35% of world consumption.
In Cameroon, major Agro-industries involved in palm oil production are: SOCAPALM (25,000 ha), C.D.C (15,000 ha), PAMOL (10,000 ha), SPFS (7,000 ha) and SAFACAM (4,000 ha). They contribute up to 80% of the total edible oil needs.
Data from questionnaires presents that area about 5 ha of oil palm were planted by small and medium size farmers each year during the last decade, making a total of about 90,000 ha palm area in Cameroon at present.
In mid 2008, the price of crude palm oil (CPO) was higher than the selling price of petroleum-derived diesel, given that its cost, on average about 10 US cents per litter to convert crude palm oil into biodiesel.
Oil palm was enthusiastically cultivated in Cameroon mainly because of its large number of uses; which are deeply
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Bassel El Khatib 1 , Ludek Sisak embedded in local cultures. Demand from international markets, however, has also played a great part in convincing Cameroonians to cultivate oil palm. Oil palm is spreading throughout the tropics, most notably in Southeast Asia. In 2008, Malaysia's Federal Land Development Authority (FELDA) announced plans to establish oil palm plantations in Kalimantan (20,000 ha), Aceh (45,000 ha), Papua New Guinea (105,000 ha), and Brazil (100,000 ha) (Wilcove and Koh, 2010) . In May 2009, SIME DARBY, the world's largest oil-palm company, also announced plans to invest 800 million US dollars in oil palm and rubber plantations in Liberia, covering around 200,000 ha (80% for oil palm) (Lopez et al., 2008) . Given that large expanses of forested areas in these regions are suitable for oil palm, oil palm will likely continue to replace tropical forests (Laurance et al., 2010) . Along with employment, large oil palm plantations provide a variety of facilities for employees and their families, including housing, water, electricity, roads, medical care, and schools. In some rural areas, palm oil plantations offer the only livelihood option (Koh and Wilcove, 2007) .
Large palm oil plantations have also been associated with corruption of community members, the decline of cultural traditions (the result of large inflows of immigrant workers), dependence on palm oil plantations and companies, and the loss of biodiversity. The loss of biodiversity is reducing opportunities for hunting, fishing, use of forest products, and access to clean water (Colchester et al., 2006) .
In response to social concerns associated with palm oil production (as well as legal, economic, and environmental issues), the Roundtable on Sustainable Palm Oil (RSPO) was formed in 2004 to develop and implement global standards for sustainable production. The RSPO members are associated in the fifteen groups and now include 257 ordinary and 92 affiliate members, who represent about 35 % of palm oil production in the world (RSPO, 2013) .
Expansion of palm oil plantation can have a negative effect to the environment and can lead to irreversible losses of natural heritage. A report prepared by WWF shows that clearance of tropical forests for oil palm plantations has caused many negative effects (WWF, 2005) . The removal or destruction of significant areas of forest has resulted in ecology instability to the natural habitat of the forests. For instance, animal species like Asian elephants, Sumatran rhinos and Sumatran tigers, which can only be found in Sumatran and Borneo Island, are facing extinctions due to the high rate of tropical forests being converted to oil palm plantations. When their natural habitats are destroyed, these animals would not be able to survive and become endangered (Tan et al., 2009) . Glastra et al. (2002) claim that most of the deforestation in South East Asia has been carried out using land burning where large scale clearance caused numerous, large and persistent fires in Sumatra. For example, it is claimed that the 1997 haze around South East Asia region was caused by this activity. Apart from that, it was also reported that from 5 million hectares of former forest in Indonesia, 3 million hectares are now covered with oil palm (Glastra et al., 2002) .
Palm oil has been shown to be the most suitable candidate among all vegetable oils as the source of biodiesel production. High yield and low production cost are two of the major factors that made this vegetable oil attractive in terms of economic and environment. However, issues concerning this crop are damaging its image as an environment friendly vegetable oil. Besides, it is obvious that there is a need to introduce policies/strategies that will guide palm oil producers towards sustainable production and development. Hence, all parties involved with palm oil, from growers to consumer product manufacturers, should work closely to ensure that sustainable production is to be realized. Consequently, palm oil can become the major source of biodiesel in the world (Tan et al., 2009) .
Even though the economic literature suggests a positive correlation between labour productivity and wages, there is still considerable missing evidence as to be able to define under which concrete circumstances this positive technological changes directly translate into replicable and widespread pro-poor income gains. It is therefore the aim of this study to bridge the gap between theory and practice by looking at the impact of a standard and concrete technological leap forward's contribution on income variables in Cameroonian rural selected communities. In other words, this study aims at bringing clarity on to what extent a 2-ton per hour palm oil mechanized processing technology installed in a concrete rural district, and under a clear management and regulatory structure and environment, outperforms in terms of productivity (tons of palm oil produced), quality (price of the crude palm oil) and income generation, the existing traditional manual processing palm oil producing system.
If it is successfully proven that a new technology increases production and marketability through better quality and productivity, assisting in alleviating poverty within the rural areas of Cameroon, then, this result could be used in the design of better development policies, and favour economic growth creation, poverty reduction and youth employment. Hence, if the treatment results are positive by enhancing the economic status of livelihoods within the selected areas for the intervention, then this treatment could be recommended to the Government of Cameroon as an effective tool towards pro-poor income generation, tax revenue expansion, economic structural change and job creation in these rural areas.
Income in this case indicates salaries of the workers within the installed 2-ton per hour palm oil mills.
The specific objective is to measure the effect on income generation capacity in selected rural communities of Cameroon through the establishment of a 2-ton per hour palm oil processing technique and compare this with the income produced with the existing processing system.
MATERIALS AND METHODS
Theoretical background
The literature on the determinants of household income and poverty is well established, dating back from the literature on human capital development, economic growth, and poverty reduction (e.g. Schultz, 1961; Welch, 1970) to more recent analyses of household data (e.g. Hassan and Alhamdan, 1991; Lanjouw and Ravallion, 1995; Simler, 2004; Otsuka and Yamano, 2006) . The main determinants include household size, the age and gender composition of the household, education, health, social capital, assets and endowments, and employment, among others.
Purpose of the study
To determine whether an improved palm oil processing technology has a positive effect on productivity (FFB processed and crude palm oil produced per worker), efficiency (palm oil extraction rate), and profitability (output price) of crude palm oil processing units and whether this ultimately improves the income level of its related workers. Results are compared against traditional processing centres.
To quantify the impact in terms of income of processing capacity, productivity and efficiency with respect to traditional centres.
To determine which processing equipment is more determinant in increasing the income of the workers To issue recommendations regarding the adoption of a particular technology / processing equipment, in order to maximize income for processor workers.
Methodology
The methodology applied within this study consists of comparing key indicators across populations of small scale palm oil processors with different work environment, production capacity, socio-economic status and income levels (cross-sectional statistical analysis). The main advantage of this methodology relies on its practical feasibility and limited cost as compared to other methods. Given the regional context (Sub-Saharan Africa) it seems a prudent and rational option.
Two categories were defined for data collection at the processing level:
Traditional method: This is the method used by old traditional centres using primitive manual oil processing techniques which are to be considered artisanal.
Modern method: This is the method used by more advanced centres with mechanized oil processing techniques. The palm oil processing machinery with capacity of at least 2-tons per hour together with auxiliary technology.
The research method
The following steps were provided for this study: Data collection (questionnaire); data analysis and comparison; presentation of the results; prediction, estimation and inference; limitations and assumptions.
Data collection (see questionnaire, p. 59): Data were collected directly in the field from primary sources for a selected representative sample.
-Data collection methods contend: -Surveys through questionnaires which were conducted by professional surveyors. -Interviews. -480 questionnaires with 32 questions each were collected in 4 different rural regions of Cameroon namely, the regions are: Sombo, Mkpot, Misaje and Edea. -Out of the 480 a total of 240 questionnaires were collected from community-level processing units (Traditional) and 240 from more advanced processing centers (Modern) -Statistical analysis (descriptive, estimation and post-estimation) was conducted with the statistical software: Stata/IC 12.0 for Windows (32-bit) -The target groups were: -Direct workers and entrepreneurs within the processing mills.
The key indicators were identified and included in the surveys. Suggested indicators of reported perceptions are as follows: -Income level per palm oil processing worker or entrepreneur, -Worker productivity (unit output/unit input), -Total CPO production, -FFB pulp press capacity, and other 25 factors listed in the questionnaire (p. 59).
Data analysis and description:
The collected data were transferred from the questionnaires and inserted into an excel spread sheet and imported to the Stata software. To do so, quantitative and qualitative (dummy variables) were created, for mutually exclusive categories (sex, education, region among others).
Data were analyzed using Stata software and is presented through descriptive, inferential and predictive statistics. Visual tools such as tables, graphs, scatter plots, or tables were used. The predictive part utilized simple and multiple regression models and parametric ordinary least squares for estimating variables. In order to avoid misleading results typical tests were performed (e.g. heteroskedasticity, endogeneity, or multicollinearity). Additionally, the research study explored different models to attempt to find conclusive and significant relationships.
Limitations and assumptions:
The limitations of our study will be determined by: -Size of the sample, -The representativeness of the sample (whether or not our sample has similar characteristics as the population in which we want to make inference in), -The particular socio-cultural context, -Problem of attribution in isolating the changing factor (was it really the technology that increased the income of the workers, or could there be other explanations?), -Lack of treatment group and control group data (even though we will be able to collect data on a sample before and after the treatment, we will not be able Table 1 presents the summary descriptive statistics collected during the survey. The following list provides the abbreviations used in the forthcoming tables and graphs.
RESULTS
Selected results
Productivity
The results show that the traditional method can process less Fresh Fruit Bunches (FFB) per worker per year than the modern method. Modern mills can process a total of 1.8 tons of FFB per worker per year, compared to 0.98 tons/worker/year in the traditional ones (statistically significant at 95%) (Figure 1 ). The figure describes the relationship between the total quantity of FFB processed (t/year) in the y-axis, and the total number of workers required to do so in each of the 2 groups considered (modern and traditional centres) in the x-axis. As we can see, for a given amount of FFB processed, traditional centres require more workers.
Controlling for the number of workers, modern mills will, on average, be able to process additional 8 tons of FFB per year than traditional mills (Table 2) .
Results also show that modern mills produce a total of 0.22 tons of crude palm oil per worker and year, whereas traditional mills produce only 0.10 tons per worker and year.
Crude Palm Oil (CPO) per worker in modern centres is on average 0.12 tons per year higher than in traditional ones (Table 3) , this is, 120% higher productivity.
Given the same number of workers, modern mills will, on average, be able to process additional 1.38 tons of CPO per year than traditional mills. Figure 2 describes the relationship between the total quantity of CPO produced (t/year) in the y-axis, and the total number of workers required to do so in each of the 2 groups considered (modern and traditional centres) in the x-axis. As we can see, for a given amount of CPO produced, traditional centres require more workers. Table 4 shows that on average, an additional worker increases the CPO production by 0.25 tons per year. This represents approximately a 30% increase with respect of the mean estimation for the CPO production for both groups.
Additionally, in traditional centres, the effect on CPO production of an additional worker is 0.11 tons per year (an increase representing 17% of the mean CPO production for this group), compared to 0.63 tons in modern centres (an increase representing 60% of the mean CPO production for this group). For more details on the regression see Table 5 . Even though modern mills have a smaller average number of workers (3.76 vs. 6.37), modern mills are more productive because they have on average more experienced workers (9.9 vs. 11.5 years of experience), and more capital (higher pulp press capacity on average).
The research yielded the following outputs:
Significant difference in pulp press capacity (0.25 tons per hour traditional vs. 1.25 tons per hour modern, on average)
Significant difference in the number of workers (6.37 workers in traditional vs. 3.76 in modern on Average)
Significant difference in processing capacity scale (6.7 tons of FFB per year vs. 7.8 tons of FFB per year on Average)
Significant difference in output production (0.7 tons of Crude Palm Oil Traditional per year vs. 0.95 tons of Crude Palm Oil Modern per year on Average).
None of the 2 categories reported to apply quality control system nor had a digester or thresher.
DISCUSSION
In Cameroon, palm oil is gradually being transformed from a famine-reserve subsistence commodity and rural food to cash crop for urban consumption. For the oil palm transformation to advance take place to the next stage of human consumption and industrial raw material, access to technology and labour-saving quality production, harvesting and processing technologies are needed to reduce costs, improve productivity and make oil palm more competitive.
The major problems of the cooperative group are production capacity, product quality and hygiene conditions and limited management skills.
As suggested by Rist et al. (2010) , the expansion of smallscale palm oil processing will likely provide higher returns to land and labour for rural communities, but must be accompanied by the correct set of friendly production public regimes in order to translate private gain into general interest.
As suggested in similar experiences in the region, a direct impact will be felt in the production and processing capacity & quality (Aletor et al., 1990 ) of the existing palm oil production units. Increased quality and quantity of Crude Palm Oil (CPO) production and other by-products will generate recurrent revenue and will attract investment in service related activities. In a broader sense, the local community as a whole will benefit from new employment opportunities, which ultimately would lead to reducing the poverty and improving the food security levels. The new technology will also support the competitiveness of the local industry by developing quality products that comply with required standards. Product diversification and market Relationship between CPO produced and number of workers participation will thus drag and enhance local production and will generate earnings, investment and tax income to a state and country level. These strategies have been long suggested to developing countries as a path out of poverty (Jabara, 1980) . It is worth mentioning that in the palm oil sector it is the scale of production that matters and directly affects profitability. A 5-ton per hour is more profitable than a 2-ton per hour mill.
The results of this study are in line with other research on the capacity of agricultural growth to serve as an effective instrument for poverty reduction (The World Bank Research Observer, 2010) .
Given the fact that research in this professional field seems to be the first for Cameroon as well as for the whole territory of the Equatorial Africa, it is possible to consider this research and its findings original with exceptional outputs.
The New Technology Performance calculations in this article are based on the data from questionnaires. The questions in the questionnaires were designed to also reflect efficiency indicators and a degree of Value addition in the Value Chain. There are possibilities to process the acquired data to reflect other additional positive impacts of the New Oil palm Processing Technology. 
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